Paracoccidioidomycosis is a chronic granulomatous disease that induces a specific inflammatory and immune response. . Our results showed weak immunolabeling for iNOS in the multinucleated giant cells (MNGC) and in most of the mononuclear (MN) cells, and the proportion of iNOS + MN/MNGC cells in the OP were comparable to Control (clinically healthy oral tissues). Additionally, our analysis revealed a similarity in the number of CD4 + cells between the Control and the OP groups with higher numbers of fungi. These findings suggest that a low expression of iNOS and a decrease in the CD4 + T cells in OP may represent possible mechanisms that permit the local fungal multiplication and maintenance of active oral lesions.
INTRODUCTION
Paracoccidioides brasiliensis (P. brasiliensis) causes a chronic granulomatous mycosis prevalent in the subtropical and wet regions of Latin America, and cell-mediated immunity represents the main mode of protection against this fungal infection 13, 15, 22, 23, 33, 36 .
The course of disease varies from patient to patient and there are two main clinical forms: the acute form or juvenile type and the chronic form or adult type. Both forms are associated with systemic infection and an abnormal cell-mediated immune response 5, 22, 23, 28, 30, 32, 33 . Adult paracoccidioidomycosis primarily afflicts the lungs, leading to significant impairment of function. Subsequently, the disease can disseminate to other organs and tissues, forming secondary lesions in the mucous membranes (oral or nasal), skin, lymph nodes and adrenal glands 7 . However, reports of Oral Paracoccidioidomycosis (OP) are rare, generally involving the gingiva, alveolar process or palate 2, 6 , and few reports have described the local immune response at these sites 29, 32 , which may be different to that at other sites such as skin or lung.
In paracoccidioidomycosis, the macrophages form the major cell defense against this pathogen 21 . However, macrophage function depends upon their state of activation, which endows them with microbicidal activity 12 . The variable susceptibility of mice and humans to develop the disease 3, 5 , which probably has a genetic basis 10 , appears to be explained by an imbalance in the secretion of cytokines that downregulates the host cellular immune response 5 and leads to hyporesponsiveness of susceptible macrophages 3 . Resistance in mice is linked to a preferential T-helper 1 (Th1) immune response, with elevated secretion of interferon-γ (IFN-γ) and interleukin-2 (IL-2) 35, 36 , and susceptibility is associated with very low levels of these cytokines 16 , which might implicate in reduced fungicidal activity.
Both IFN-γ and tumor necrosis factor-α (TNF-α) apparently confer resistance to P. brasiliensis by stimulating granuloma formation and nitric oxide (NO) production 7, 21, 36 . In contrast, transforming growth factor-β (TGF-β) and Th2 type cytokines, especially interleukin-10 (IL-10), inhibit nitric oxide synthase (NOS) induction in macrophages 18, 19 . The expression of the inducible nitric oxide synthase enzyme (iNOS) is a response to an inflammatory stimulus and it results in a large amount of NO, which appears to inhibit the transformation of P. brasiliensis conidia to yeast but probably has the secondary effect of inducing the immunosuppressive state noted in murine paracoccidioidomycosis 7, 21 . This immunosuppression is manifested by a decrease in Ia antigen expression and a depression of the immunoproliferative response 1, 7, 8, 21, 34 . Evidence from a recent study suggests that NO is involved in the induction of T cell immunosuppression during infection as well as in the killing of P. brasiliensis In an attempt to better characterize the oral lesions of paracoccidioidomycosis and the cell-mediated immune reactivity of the host, we identified and quantified the expression of iNOS, CD3, CD8, CD45RO, CD68, CD20 and mast cell tryptase, in samples of human oral paracoccidioidomycosis, via immunohistochemistry. In addition, the relationship between the number of viable yeast cells in the OP lesions and the expression of iNOS and different subpopulations of cells was determined.
MATERIAL AND METHODS

Samples:
The samples were obtained and selected from biopsies in the files of the Anatomical Pathology Laboratory of the Department of Stomatology, Bauru Dental School, University of São Paulo, Brazil and of the Institute of Anatomopathology and Cytopathology of Bauru (ANATOM), Brazil. A total of 20 cases of the chronic form of human oral paracoccidioidomycosis and eight of human clinically healthy oral tissues (Control) were used in this study.
All the patients were Brazilian, most were adult males (seventeen males and three females ranging in age from 32 to 79 years) with no history of drug abuse or HIV-positive status. The biopsies were obtained before the beginning of treatment for diagnostic purposes. Pulmonary changes were described in twelve cases. Table 1 presents the sites affected by paracoccidioidomycosis lesions in the cases studied.
The control samples consisted of oral tissues that were obtained during dental extractions, generally of pre-molars, for orthodontic reasons, or included molars. Most of control patients were adult males (six males and two females ranging in age from 20 to 49 years). The samples were selected from a previous study of these slides stained with hematoxylin and eosin, prioritizing the most recent cases and best representative lesions presenting integrity and tissue arrangement. The samples underwent immunohistochemical study. This study was approved by the Institutional Review Board of Bauru Dental School, University of São Paulo (Protocol 137/2003).
Light microscopy: Diagnosis of paracoccidioidomycosis was made previously on the basis of microscopic analysis, from which P. brasiliensis may be identified scattered within the connective tissue or inside microabscesses as well as within macrophages and inflammatory giant cells, with the routine hematoxylin and eosin (HE) stain and, for a clearer demonstration, by the Grocott stain. The quantitative analysis of the viable fungi was carried out in all cases by Grocott stain and in high magnification (x800). The fungus was considered viable when its morphology was totally preserved and non-viable when it had the appearance of a shell-like, empty cell. When gemulating cells were present in our counting, these were considered a single yeast cell.
Antibodies:
Rabbit anti-human iNOS (SC-651) polyclonal antibody was purchased from Santa Cruz Biotechnology (California, USA), and was used at a dilution of 1:500. Rabbit anti-human CD3 polyclonal antibody (A0452,) at 1:60, mouse anti-human CD8 monoclonal antibody (M7103) at 1:500, mouse anti-human CD45RO monoclonal antibody (M0742) at 1:500, mouse anti-human CD20 monoclonal antibody (M0755) at 1:80, mouse anti-human CD68 monoclonal antibody (M0876) at 1:200 and mouse anti-human mast cell tryptase monoclonal antibody (M7052), at 1:80, were purchased from DAKO (Glostrup, Denmark).
Immunohistochemistry:
After embedding the tissues in paraffin wax, 3 µm thick sections were obtained and collected on silane-coated glass slides (DAKO, S3003, Glostrup, Denmark). The immunohistochemical characterization of cells was performed using the immunoperoxidase (Avidin-Biotin-Peroxidase) method. The samples were deparaffined through immersion in xylene, and this was followed by immersion in alcohol and then incubation with 3% hydrogen peroxide diluted in phosphate-buffered saline (PBS) for 40 minutes. Next, the sections were immersed in citrate buffer (pH 6.0; SIGMA, P4809, St. Louis, USA) for 20 minutes at 95 °C, except for the mouse anti-human CD20 antibody for which sections were immersed in 5% trypsin. Soon afterward, the sections were blocked by incubation with 3% normal goat serum diluted in distilled water, at room temperature, for 20 minutes. Then, the slides were incubated with the primary antibodies at 4 °C overnight. All the antibodies were diluted in 1% PBS-BSA (bovine serum albumin). Serial tissue sections were used and each of the seven different antibodies was applied to a different section from the same block. Following incubation with the primary antibodies the sections were washed with PBS and incubated with biotinylated anti-mouse/rabbit/goat IgG antibodies (1:100 in 1% PBS-BSA) (DAKO, K0492) for 60 minutes at room temperature. Sections were then incubated with avidin-biotin complex (DAKO, K0492) for 45 minutes at room temperature, and were incubated in a solution of 5 mg 3,3'-Diaminobenzidine (SIGMA, D4293) diluted in 10 mL PBS containing 180 µL of H 2 O 2 (20 Vol.), for 20 to 30 minutes at room temperature. Following washing with distilled water, the slides were counterstained with Mayer's hematoxylin for five minutes. Negative controls were obtained by the omission of primary antibodies, which 
Quantitative and Qualitative analysis of iNOS + cells:
The relative proportions of iNOS immunoreactive cells were determined using the point-counting method by a 25-point integration graticule (CARL ZEISS, Germany) at x800 magnification. All counts were performed in 20 consecutive microscopic high power fields. The percentage of positive cells was calculated as the proportion of the total of the inflammatory cells and this result was verified using the non-parametric Kruskal Wallis test followed by Dunn's test or the Mann-Whitney test. The cell proportions were expressed as percentages (mean ± SD). A p value of less than 0.05 was considered to be statistically significant. The intensity of immunostaining and the morphology of the iNOS + cells were also analyzed.
RESULTS
By means of routine HE staining followed by Grocott staining, the main microscopic characteristics of OP were observed. A granulomatous inflammatory disease was identified, characterized by the presence of aggregates of macrophages, epithelioid and multinucleated giant cells with lymphocytes, plasma cells, macrophages and polymorphonuclear (PMN) cells, surrounding central aggregates. The OP lesions comprised a mix of the compact/organized and disorganized granulomas in the same specimens.
The number of viable yeast cells in these lesions was highly variable (9.6 to 800 viable yeast cells per mm 2 ) and, in accordance with the fungi number, the samples were distributed in groups: I (1-50 yeast cells per mm + cells increased significantly in OP. However, no difference was observed among OP groups considering the number of viable yeast cells per mm 2 and CD68 + cells ( Fig. 1 and 2) .
The inflammatory cells localized in the periphery of the granulomas were quantified with regard to CD3, CD8, CD45RO, CD20 and mast cell tryptase expression. The number of CD3 + , CD4
+ and CD8 + cells increased significantly in OP when compared to Control (Fig. 1) , but a quantitative microscopic analysis of these cellular phenotypes indicated that there were no significant differences between the OP groups (I, II, III, IV and V) (Fig. 2) . However, when the OP groups were compared individually with the Control, it was found that the number of CD4 + cells was not significantly increased in the OP groups with a higher number of fungal cells (IV and V groups) (Fig. 2) . In OP samples, the number of CD4 + cells was inversely correlated with the number of fungal cells (Pearson correlation test, r = -0.59 and p = 0.0052). Regarding the number of CD8 + cells, significant differences were observed only between the IV group and the Control (Fig. 2) . The number of CD45RO + and CD20 + cells was not significantly different in OP in relation to the Control, nor between the I, II, III, IV and V groups ( Fig. 1 and 2 ). Mast cells were diffusely distributed and similar numbers of these cells were observed in all OP groups and the Control (Fig. 2) .
Few of the MN cells from oral paracoccidioidomycosis lesions express iNOS, while all the PMNs show strong immunolabeling for this enzyme:
The iNOS expression in OP groups was identified in mononuclear cells assumed to be macrophages, in MNGC and in PMN cells (Fig. 3) . Considering the samples from the OP groups I to V, our results demonstrate similar percentages of total iNOS + cells, iNOS + MN/MNGC cells and iNOS + PMN cells (Fig. 3) . However, when iNOS expression in OP was compared with Control, iNOS + PMN cells were increased only in groups III, IV and V (samples with higher numbers of yeast cells) (Fig. 3) .
A general analysis of OP indicated a weak immunolabeling for iNOS in the great majority of agglomerates of the epithelioid macrophages and MNGC cells, which was not noted when the nonimmune serum was used. In OP, strong iNOS expression was also observed in a few mononuclear cells localized around the granulomas. In addition, the immunohistochemical analysis revealed that only PMN cells exhibited an intense immunolabeling for iNOS. Almost all the PMNs found in the granulomas and microabscesses in the samples of OP were strongly iNOS + . Furthermore, a weak to moderate staining for iNOS was also exhibited by epithelial cells. The negative controls used for each reaction did not show any immunostaining, confirming the specificity of the procedure (Fig. 4) . (Fig. 5) . Interestingly, a minority of the CD68 + cells were iNOS + , representing a median of 32% of the total number of CD68 + cells. 
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DISCUSSION
The balance between the T-cell response and consequent macrophage activation plays an important regulatory role in determining the outcome of P. brasiliensis infections in humans. Depending on their activation status, the macrophages may or may not be noxious to the parasites 11, 12, 21 . The mechanism of cytokines-induced fungicidal activity of human macrophages appears to involve the participation of NO 21 , which exerts a powerful cytostatic and cytotoxic effect against P. brasiliensis 11, 21 . A failure of a specific T-cell response to activate macrophages in paracoccidioidomycosis may permit the multiplication and dissemination of the fungus including mucocutaneous manifestations. Our study presents some evidence to support this idea. First, we demonstrated weak immunostaining for iNOS in the central area of the OP granuloma including most of the epithelioid cells and MNGC, and a low percentage of strongly iNOS + macrophages in the periphery of OP granulomas. This weak immunostaining for iNOS has became more relevant since has been reported that macrophage, probably when adequately stimulated, are strongly positive for iNOS in tissues containing granulomas caused by Mycobacterium tuberculosis, Leishmania, Toxoplasma and Cryptococcus neoformans 20 . In a recent paper, NEWORAL et al. 32 also demonstrated low numbers of iNOS + macrophages in oral lesions of paracoccidioidomycosis (adult form) that may represent a parasite-induced evasive mechanism allowing survival inside the host tissues.
Second, we observed a decrease in the number of CD4 + T cells in the OP lesions with higher numbers of viable yeast cells, and that the majority of the CD68 + cells were not iNOS + . On the basis of our results, we suggest that, in the oral granulomas of paracoccidioidomycosis, a low production of NO and/or functional inactivation of iNOS might be present, which might represent a reduction in macrophage activation. Although the different responses of individuals to infectious pathogens have been related to differential activation of CD4 + cells, a number of host-specific genetic factors can synergize with biologic tracts of pathogens to drive the susceptibility phenotype 26 .
Another interesting finding from our study is that there was an increase in the proportion of CD20 + cells in OP when compared to Control. In agreement with this, MAMONI et al. 27 observed high production of specific IgG4, IgE and IgA, in the disseminated form of human paracoccidioidomycosis.
In fact, the resistance to P. brasiliensis infection is associated with immune responses, which favor cellular immunity with activation of CD4 + T cells and macrophages 10 ; however, CD8 + T cells depletion in susceptible mice impaired the clearance of yeasts from the lungs and increased the fungal dissemination to the liver and spleen 16 . Perhaps the low number of CD8 + T cells observed in our study in most of the OP groups may contribute to the failure of early control of the fungal multiplication and consequent mucocutaneous manifestation.
A recent experimental study indicates that the iNOS-derived NO is essential for resistance to paracoccidioidomycosis, but that high and continued NO production is associated with susceptibility 31 . Nevertheless, it is important to stress that the role of NO in human paracoccidioidomycosis is still unknown and may be different from that in mice. In vitro, relatively low concentrations of NO induce a strong and specific inhibition of T cell proliferation 1, 7, 37 , probably by means of Ia antigen expression inhibition in the macrophages 7, 34 . In the present study, we found that almost all the PMNs found in the granulomas and microabscesses in the samples of OP were strongly iNOS + . Our results also indicate an increase in the percentage of the iNOS + PMNs in the OP samples with higher numbers of yeast cells when compared to Control. Thus, the NO production by PMNs in these OP samples may contribute to the low number of CD4 + T cells observed in these same samples. We have previously reported an important expression of iNOS by PMNs in another chronic inflammatory disease 4 , ie. human periodontal disease, and we speculate that the NO production by PMNs may modulate the degree of inflammation 24 , inducing a strong and specific inhibition of T cell proliferation in both Th subsets 37 . Although the human periodontal disease does not represent a granulomatous lesion, the PMNs express more iNOS than MN cells as observed in the present study with OP. This expression of iNOS by PMNs in OP may represent an important source of NO. On the other hand, it could indicate merely cell activation and antifungal activity of PMNs.
Another possible hypothesis to explain the decrease in CD4 + T cells observed by us in OP samples could be the inhibition of specific chemokines production such as IP-10 and Mig, involved in the recruitment of Th1 lymphocytes, as observed in experimental paracoccidioidomycosis 35 . Besides, other authors have recently demonstrated high expression of the CTLA-4 (cytotoxic T lymphocyte antigen 4) receptor, a critical down regulator of T cell activation, and an increase in apoptosis mediated by Fas-Fas ligand from peripheral blood mononuclear cells of patients with Paracoccidioidomycosis 14 .
Complementary findings about NO production in oral cavity showed a reduced salivary NO levels in smokers 9, 17, 25 . This effect is attributed to iNOS down-regulation by the high NO concentration in smoke 17 . Although smoking status seem to contribute to the oral NO production, it was not investigated in our control patients or with OP, and other studies are still needed to confirm it. Besides the data referring to the comparisons among the subgroups must be interpreted with caution due to the limited number of samples evaluated, our findings suggest that low expression of iNOS by macrophages in OP samples and the decrease in the CD4 + T cells in OP samples with higher numbers of viable yeast cells may be associated with local fungal multiplication and maintenance of active oral lesions. However, further investigation is needed to confirm our hypothesis. 
RESUMO
